Using the SU (2) gauge coupling, g W ± (M 2 W ± ), at the high-energy scale of M W ± , defined by the (theoretical value of the) leptonic Wwidth, rather than using the low-energy value, defined via the Fermi coupling, G µ , in the Born approximation, and supplementing with Coulomb corrections and initial state radiation, errors with respect to the exact one-loop results for the differential cross section of
The process of W -pair production in e + e − annihilation is presently studied experimentally at LEP 2. In the future, it will be one of the outstanding processes at a linear collider in the TeV energy range. It yields direct experimental information on the non-Abelian couplings characteristic for the SU (2) × U (1) electroweak theory, and it allows to put bounds on potential non-standard Z 0 W + W − and γW + W − couplings [1, 2] . Within the SU (2) × U (1) electroweak theory, the calculation of the radiative corrections to this process has received much attention [3] - [8] .
The exact evaluation of the full one-loop electroweak corrections leads to complicated and lengthy expressions in terms of twelve s-and t-dependent form factors. Actually, only those (three) form factors which appear in amplitudes of the form of the Born approximation are numerically important [5, 6] . Unfortunately, however, no simple analytic form for these form factors, valid at arbitrary e + e
This expression holds equally well for left-handed electrons, where contributions from the diagrams (d) and (a)+(c) make up one half of M Q each. We feel that the above derivation of (1) illuminates in the most straightforward manner the decomposition of (1) into a weak SU (2) and an electromagnetic piece, where the latter one for right-handed electrons is entirely induced by the B-boson coupling to the hypercharge current. Moreover, the origin of the double-pole structure in (4) as a result of BW 3 mixing becomes immediately obvious. The double pole leads to a suppression of the amplitude (4) relative to (2) at high energies, which in the case of longitudinal W ± bosons is compensated, however, by the longitudinal polarization vectors. 
for the electromagnetic coupling, and define g
Expressing Γ W l in terms of the Fermi coupling,
including one-loop corrections, one finds that g
The "scale-change (SC)" part, ∆y SC , of the coupling parameter ∆y of ref. [11] , takes care of the change in scale between µ-decay and W ± -decay. It is given by ∆y SC = ∆y
where the fermionic part, ∆y SC f erm , is essentially due to contributions arising from light fermion loops in the W ± propagator. For m t → ∞, it is given by
3 We note that g
as defined by (6) in ref. [11] by the factor r ≡ 1 + c 2 0 · 3α/4π, where c 2 0 · 3α/4π ≃ 1.34 · 10 −3 . The factor r corresponds to the factor 1 + 3α/4π in the Z 0 width, where it is conventionally introduced in order to explicitly separate photon radiation from all other electroweak one-loop corrections. The introduction of the factor r in the W ± width allowed [11] to correctly define the magnitude of isospin breaking by one-loop weak interactions when passing from the charged boson coupling g W ± (M (14), corresponding to (6), (7) and (8), is replaced by ∆y SC ≃ 4.6 · 10 −3 from ref. [11] .
while for m t = 180 GeV,
This negative contribution to ∆y SC is largely compensated by the bosonic one, ∆y 
Accordingly, the SU (2) 
with a correction term, due to scale change, whose magnitude,
is practically independent of the precise values of m t and M H . Even though there is such a strong cancellation between fermions and bosons in ∆y SC , thus implying the fairly small value of ∆y SC in (14), the correction induced by ∆y SC will be seen to be decisive for providing the announced accuracy, better than 1%, in the expression for the W ± pair-production cross section. Including the Coulomb correction and the initial state radiation (ISR) in soft photon approximation, the improved Born approximation for the differential cross section takes the form
The only difference of the present work with respect to refs. [5, 9, 10] consists in the inclusion of ∆y SC which introduces according to (13) the appropriate high-energy scale for the SU (2)-coupling strength. We note the dependence of (dσ/dΩ) ISR in (15) on the choice of the photon splitting scale, Q [
and the quality of the approximation (15) to the full one loop result is accordingly quantified by
We note that the magnitude of δ∆ IBA may easily be estimated due to the fact that the M I part dominates the cross section (15). Indeed, neglecting M Q in (15), one obtains from (16),
as a rough estimate. This value will be somewhat enhanced or diminished, depending on whether the interference term of the M I with the M Q term in (15) is negative (as in the forward region) or positive (as in the backward region).
The results for δ∆ IBA are given in Table 1 and the percentage quality of our improved Born approximation (15), ∆ IBA + δ∆ IBA , is compared with ∆ IBA . The values for ∆ IBA are taken from Table 4 in ref. [9] . They are based on the choice of Q 2 ≡ s for the photon splitting scale Q
2
. One observes that indeed the deviation of the unpolarized cross section from the full one-loop results is improved to less than 1% as a consequence of introducing ∆y SC in (15). As the scale Q 2 is by no means theoretically uniquely fixed, we also show, in Table 2 Tables 1 and 2 , we also present the results for the cross section for left-handed electrons, which obviously do not differ much from the results for the unpolarized cross section, since the right-handed cross section is suppressed by about two orders of magnitude compared with the left-handed one. The right-handed cross section by itself is obviously unaffected by introducing ∆y SC . 6 We thank S. Dittmaier for providing us with the values of ∆ IBA for the photon splitting scale
A final comment concerns the inclusion of the decay of the W ± 's into fermion pairs which has to be incorporated into a completely realistic description of the process of W ± pair production. A gauge-invariant description of the process e + e − → 4 fermions at one-loop order was recently given in the fermion-loop approximation [13] . In this connection it seems worth while to come back to the decomposition of ∆y SC into fermion-loop and bosonic contributions in (9), (11) and (12) . We note that taking into account fermion-loop contributions only, the estimate (18) becomes
and the total deviation ∆ IBA + δ∆ IBA of (15) from the full one-loop results (using ∆ IBA ≃ 1.2% from Table 1 ) rises to values of the order of 2.8% for the total cross section. Therefore, we expect that four-fermion production evaluated in the fermion-loop approximation [13] is also enhanced by as much as approximately 2.8% relative to the (so far unknown) outcome of a full oneloop calculation incorporating bosonic loops as well. It is gratifying that a simple procedure of taking into account bosonic loops to improve the results of the fermion-loop calculations of four-fermion production immediately suggests itself. We suggest to approximate bosonic loop corrections by carrying out the substitution
with ∆y in the four-fermion production amplitudes evaluated in the fermion-loop approximation. Substitution (20) practically amounts to using g W ± (M 2 W ± ) in four-fermion production as well. With substitution (20) it is indeed to be expected that the deviation of four-fermion production in the fermion-loop scheme will be diminished from the above estimated value of ≃ 2.8% to a value below 1%. In summary, the simple procedure of introducing the SU (2) gauge coupling g W ± (M 2 W ) at the high-energy scale, approximated by s ≃ M 2 W , or in other words, by introducing a renormalization scheme, in which the SU (2) coupling is defined by the (theoretical value of the radiatively corrected) leptonic width of the W -boson, allows one to incorporate most of the electroweak radiative corrections to the process of e + e − → W + W − in the LEP 2 energy range of √ s < ∼ 200GeV . Adding the Coulomb corrections and the initial state radiation in the leading logarithmic approximation provides a scheme which approximates the full one-loop results with an accuracy better than 1%. Moreover, we suggest a simple recipe to approximately incorporate bosonic corrections into four-fermion production calculations, which so far are available in the fermion-loop approximation only. The overall accuracy thus obtained should be sufficient for the analysis of W pair production at LEP 2. 
